The diagnosis in these subjects has been established on the basis of other features of the disorder, as shown in Fleury et al7 looked at both parents of 48 children with TS in the Netherlands and included a CT scan in their protocol. They found evidence of disease in 21 parents (that is, familial cases 44%, new mutants 56%). It is of interest that in none of the parents did CT scan abnormalities occur without skin manifestations. In four of the parents the only abnormalities were ophthalmological. Cassidy et al looked at the parents of 13 families in which the affected child had been regarded as a new mutant. Evidence of the disease was found in four parents. In three of these, skin signs were present but in one the diagnosis was based on radiological signs only (positive cranial CT scan, renal ultrasound, and hand x rays). They concluded that parents of TS patients should be evaluated by a protocol that includes skin examination, eye examination through dilated pupils, cranial CT scan, and renal imaging. More recently, Flinter and Neville' have reported their experience in 13 families seen at Guy's Hospital, London. Of eight families with one affected child, four patients were found to be affected, two on the basis of cranial CT findings alone.
The extent to which parents are investigated varies from centre to centre, and is an area of difficulty in genetic counselling. Some counsellors rely on clinical examination alone, others also include a CT scan, and some follow the All families were initially contacted by letter and then arrangements made for a home visit, during which the study was explained in detail and written consent obtained. It was usually possible to meet the proband during the home visit and confirm the diagnosis, according to the Gomez criteria. A family history was then taken with particular reference to a history of seizures, mental retardation, and suggestive skin lesions. It was also possible during these home visits to perform skin and eye examinations on parents, sibs, grandparents, and other relatives if available.
A standard protocol for the assessment of all parents and some adult sibs was drawn up. This involved the following.
CLINICAL EXAMINATION
Skin examination A careful search was made for facial angiofibromas, forehead plaques, shagreen patches, ungual fibromas, grooving and ridging of the nails, and depigmented patches of skin and hair. The skin examination was completed with an examination in a darkened room using a powerful UV lamp to detect hypopigmented macules.
The hair was examined for streaks of white or grey hair. These were only regarded as significant if they had been present since early childhood.
Oral cavity
The gums were examined for the presence of fibromas and naked eye examination of the teeth for pits was performed.
Eye examination This was performed using direct and indirect ophthalmoscopy through dilated pupils. Both Skeletal survey Sixty-five of the skeletal surveys were either normal or showed unrelated abnormalities. Sclerotic areas of bone were observed in 13 surveys and seven of these had the appearance of bone islands. Bone islands are typically smooth, rounded densities, most frequently seen in the long bones. Six surveys showed sclerotic areas that were not typical of bone islands. These observed lesions were single (except in one case with two lesions) and were found in the hands. None of them was in the typical sites reported in TS, that is, the spine and pelvis. None was associated with pseudocysts or periosteal new bone formation. Three surveys showed lucent areas in the bone as the sole abnormality. One consisted of small lucencies in the midshafts of the second and third metacarpals of the left hand. The lesions were not as well demarcated as the pseudocysts reported in TS and were not associated with any periosteal new bone formation. The second had a clearly defined lucent area in the proximal phalanx of the right thumb and the third had a less clearly defined lucent area in the right humerus. No other skeletal abnormalities were present.
With the assistance of Dr MacKenzie-Cook, Consultant Radiologist, a separate survey was performed of 93 consecutive hand x rays from adults seen in the Accident and Emergency Department at the Royal United Hospital, Bath. Of these, six had sclerotic lesions present. All these were smooth and round and were typical bone islands.
The results of the parents' survey are summarised in table 2. Two parents had abnormalities reported on both a cranial CT scan and a skeletal survey. One of these (the father of two affected children) had minimal ventricular dilatation on cranial CT scan and a sclerotic lesion of a first metacarpal on hand x ray. The other subject, the parent of one affected child, had marked cortical atrophy on CT scan for a person of 30 years of age, and several poorly demarcated lucencies in the second and third metacarpals on hand x ray. It is therefore unusual for cortical atrophy and ventricular dilatation to be the only signs of TS on CT scan. Such findings may be totally independent of TS and are occasionally seen in otherwise normal subjects. In our opinion it is unlikely that the abnormalities detected are related to TS, and we would assume that these persons are unaffected.
In the study of sibs at 50% prior risk, two subjects had abnormal CT scans. In both cases, hypodense lesions were present. These lacunae have been reported in several publications on the CT findings in TS, but never as isolated findings in adults with the condition. Their significance must therefore remain doubtful. Similar lacunae may be seen in normal persons. The first subject had a poorly documented history of a seizure in childhood and behaviour problems. His skeletal survey showed an area of periosteal new bone formation in the left tibia, but this was related to an old fracture. In the other case, where hypodense lesions were detected on CT scan, no other abnormalities were found. This person has two children and neither of them has any clinical features of TS. Overall, the evidence suggests that these hypodense lesions are unrelated to TS and we would assume that these subjects are unaffected. The abnormal CT scans of the sibs at low prior risk both showed unusual areas of calcification. In one, a 17 year old girl, there was falx calfication. This is an unusual finding at this age, except in patients with Gorlin's syndrome, but In the sib study, a definite cyst was observed in the right kidney of a 40 year old subject at 50% risk, who had no other evidence of TS. The reported incidence of simple renal cysts detected by urography is 1 to 2%'9 and therefore the finding of one cyst in this study is not unexpected.
In the survey of skeletal x rays, a considerable number of unusual features were observed, but none of the parents or sibs had any of the classical findings of multiple pseudocysts and periosteal new bone formation. Bone islands were commonly reported, especially in the hands, but not significantly more frequently than in the group of 93 hands x rayed in the Accident and Emergency Department. There were several amorphous sclerotic lesions reported which were not typical of bone islands. There have been only a few studies of bone lesions in TS, but in the survey by Holt and Dickerson20 sclerotic lesions were typically evident in the pelvis and vertebrae.
Gomez2 commented that peripheral lesions can be present and, if present, tend to be diffuse and poorly marginated and have been mistaken for metastases. The lesions observed in the five cases in this study were reasonably well marginated and would not be mistaken for metastases.
Bone abnormalities have not been reported as isolated findings in TS patients. In view of the fact that the lesions observed here are so atypical, they are probably incidental findings. This conclusion would be supported if further large studies of the hands in known TS patients failed to show similar lesions. The three surveys showing lucent areas in the bones are even more difficult to interpret, as pseudocysts are well recognised in TS. None of these lesions resembled the previously described appearances. The cystic lesions, as reported by Holt and Dickerson,20 are not punched out areas but seem to be formed by slowly progressive rearrangement of the trabeculae which, in turn, may coalesce to produce a smeared sclerotic appearance around the cystic areas. In none of the x rays in this study showing cystic changes was there any surrounding sclerosis. It seems probable, therefore, that these appearances are unrelated to TS, but it is difficult to be certain without further large studies of TS patients and also of the general population. There is nothing in radiological publications about the incidence of similar appearances in normal subjects.
In summary, therefore, while it is possible that some of the unusual features discovered on the radiological and ultrasound studies performed in these families could represent manifestations of TS, it is more likely that these findings were coincidental, in view of the fact that these features were so atypical and may have alternative explanations.
If one assumes that the unusual findings are coincidental, all the families in this survey with only one affected child represent new mutations. Further evidence to support this conclusion comes from the fact that the 38 families with only one affected member contained 55 apparently unaffected full sibs. If non-penetrance was occurring in a number of these parents, it would be expected that more families with more than one affected child would have occurred. One possible source of error in these families would be non-paternity. The majority of the families, however, were fully blood grouped and half of them were typed for the red cell enzyme and plasma protein polymorphisms used for the linkage study'0; these analyses provided no evidence for non-paternity.
Two families had two affected and no unaffected children. In one of these families, neither parent had any radiological abnormalities and in the other, one parent had minimal ventricular dilatation reported on CT scan and a sclerotic lesion of the first metacarpal on hand x ray. These findings are probably unrelated to TS and it may be that the recurrence of TS in these families is the result of germline mosaicism, as suggested by Hall 
